Large artery atherosclerotic stroke (LAAS) is the most common ischemic stroke (IS) subtype, and microemboli may be clinically important for indicating increased risk of IS. The inflammatory process of atherosclerosis is well known, and lymphoid phosphatase (Lyp), which is encoded by the protein tyrosine phosphatase nonreceptor type 22 (PTPN22) gene, plays an important role in the inflammatory response. Our study was intended to evaluate the relationship between PTPN22 gene and LAAS and microembolic signals (MES). Three loci of the PTPN22 gene (rs2476599, rs1217414, and rs2488457) were analyzed in 364 LAAS patients and 369 control subjects. A genotyping determination was performed using the TaqMan assay. The G allele of rs2488457 might be related to a higher risk for developing LAAS and MES (odds ratio OR = 1 456, 95% confidence interval (CI) 1.156-1.833, P = 0 001; OR = 1 652, 95% CI 1.177-2.319, P = 0 004, respectively). In the LAAS group, the prevalence of the GTG haplotype was higher (P < 0 001) and the prevalence of the GCC haplotype was lower (P = 0 001). An interaction analysis of rs2488457 with smoking showed that smokers with the CG/GG genotypes had a higher risk of LAAS, compared to nonsmokers with the rs2488457 CC genotype (OR = 2 492, 95% CI 1.510-4.114, P < 0 001). Our research indicated that the PTPN22 rs2488457 might be related to the occurrence of LAAS and MES in the Han Chinese population. In addition, the rs2488457 polymorphism and the environmental factor of smoking jointly influenced the susceptibility of LAAS.
Introduction
Stroke is considered the most general cause of adult-acquired deformity [1] . In all stroke events worldwide, ischemic stroke (IS) comprises 80−85% [1, 2] . It is logical that ischemic stroke is a complicated and multifactorial disease that is influenced by several risk factors, including environmental and genetic factors [3] . In the age of precision medicine, much research focused on the relationship between genetic factors, such as single-nucleotide polymorphisms (SNPs), and susceptibility to IS [4] . On the basis of the TOAST (Trial of ORG 10172 in Acute Stroke Treatment) [5] classification system, the main subtype of ischemic stroke is large artery atherosclerotic stroke (LAAS) [6] . Therefore, it will be of great significance to study the relationship between SNPs and LAAS for the prevention, diagnosis, treatment, and prognosis of IS [7] .
It is generally accepted that LAAS is mainly triggered by atherosclerosis. The inflammatory process of atherosclerosis has been recognized as early as the 19th century. Substantial evidence has suggested that the inflammatory mechanisms involved in the pathogenesis of atherosclerosis are regulated by both adaptive and innate immunity [8] [9] [10] . The protein tyrosine phosphatase nonreceptor (PTPN22) gene is located on chromosome 1p13.2 and encodes the cytoplasmic lymphoid phosphatase (Lyp). Lyp is required for the immune system function to be well balanced [11, 12] . In recent years, the PTPN22 gene and its susceptibility to a variety of inflammatory diseases have been recognized [13] [14] [15] [16] . Furthermore, genetic variants of PTPN22 increased the risk of atherosclerosis in people with autoinflammatory disorders [17, 18] . In patients with large arterial occlusive disease, microemboli that are released from atherosclerotic plaques can result in acute ischemic stroke [19] . Microembolic signals (MES) can be detected through the transcranial Doppler ultrasonography (TCD). MES suggest that atherosclerotic plaques may be unstable and may be potential risk markers for ischemic stroke [20] . In addition, smoking and drinking are considered significant environmental risk factors for LAAS. Therefore, our research was designed to evaluate whether three SNPs of the PTPN22 gene are correlated with LAAS and MES as well as the interaction of these SNPs with smoking and drinking.
Materials and Methods
2.1. Study Population. We recruited 364 LAAS patients and 369 healthy control subjects from unrelated ethnic Han Chinese populations. LAAS patients were diagnosed by two experienced neurologists on the basis of TOAST [5] criteria and had lesions that were restricted to the middle cerebral artery or internal carotid artery areas. All the patients were hospitalized in the Neurology Department of the Affiliated Hospital of Qingdao University between 2013 and 2017. The inclusion criteria of the cases were the presence of ischemic stroke, which was confirmed by magnetic resonance imaging (MRI) or computer tomography (CT), and the presence of cardiac and cerebral vascular lesions, which were confirmed by echocardiography, TCD, brain magnetic resonance angiography (MRA), or whole-brain digital subtraction angiography (DSA). All patients were subjected to microembolism monitoring. The patients were divided into MES-negative and MES-positive groups according to the presence of MES. The exclusion criteria were patients who were diagnosed with any other subtype of IS (small artery occlusion, cardioembolic stroke, stroke of undetermined etiology, and stroke of other determined etiology) or who had severe infection, severe heart disease (recent myocardial infarction, angina pectoris disease, and valvular heart disease), severe hepatic and renal insufficiency, chronic inflammation, a malignant tumor, or autoimmune disease. Healthy control subjects were enrolled from the health examination center at our hospital during the same time period. The inclusion criteria were as follows: participants who had no clinical features or neuroimaging evidence of cerebral infarction, nor obvious cerebral atherosclerosis or angiostenosis, nor any history of ischemic stroke. The exclusion criteria were similar to the criteria applied to the LAAS group.
The research was carried out according to the ethical guidelines within the Helsinki declaration for experiments involving human participants. This study protocol was authorized by the ethical committee of the Affiliated Hospital of Qingdao University (QDDXYXYFSXY-2014-005). Informed consent was acquired from each participant in this study.
Data Collection.
Clinical data and demographic information from all the subjects were collected by well-trained investigators. Structured questionnaire surveys were administered to acquire the general statuses of the subjects, including body mass index (BMI); age; sex; history of smoking, drinking, hypertension, diabetes, coronary artery disease (CAD), and dyslipidemia; and family history of ischemic stroke events. After one night of fasting, antecubital venous blood (4 mL) samples were collected from all participants and were later placed into EDTA tubes followed by a 10-minute centrifugation at 3000 rpm. Levels of serum blood glucose (GLU), triglycerides (TG), total cholesterol (TC), low-density lipoproteins (LDL), and high-density lipoproteins (HDL) were measured in the clinical laboratory of our hospital.
2.3. SNP Selection. PTPN22 gene was selected based on exploring previously reported genes that might be involved in inflammatory responses or related to inflammatory diseases. To the best of our knowledge, the association between PTPN22 gene and LAAS and MES has not been reported so far. According to minimum allele frequency, minor allele frequency (MAF) was greater than 5% in the Chinese Beijing Han population (CHB) from the 1000 Genomes Browser and previously reported gene loci that might be related to inflammatory responses. Finally, three SNPs (rs2476599, rs1217414, and rs2488457) were selected. Ringelstein et al. [21] . Microembolism monitoring was conducted by two trained and experienced neurologists.
2.6. Statistical Analysis. Count data are presented as the number of cases and percentages and were analyzed by using chi-squared test. Quantitative variables were recorded as the means ± standard deviations (SDs) with normal distributions, and Student's t-test was applied to analyze the differences. Hardy-Weinberg equilibrium (HWE) testing was carried out by using chi-squared tests for each locus. Pearson's χ 2 test or Fisher's exact test was used for comparisons of genotypes and allele frequencies. Logistic regression analyses were performed to compute odds ratios (OR) with 95% confidence intervals (CI) after adjusting the covariates (sex, age, history of smoking and drinking, diabetes, hypertension, dyslipidemia, and family history of ischemic stroke events) to assess the correlation between LAAS and PTPN22 gene polymorphisms. Linkage disequilibrium (LD) and haplotype distributions were estimated using the SHEsis software platform [22, 23] . Tests for interactions with drinking or smoking were only focused on the SNPs that were significantly associated with LAAS. All statistical analyses were performed using the SPSS 20.0 software. P value < 0.05 (two-tailed) was considered statistically significant. Power calculation was performed at the 0.05 level of type I error probability using the G * Power software version 3.1. Table 1 summarizes the clinical characteristics of LAAS patients and control subjects. There were no differences between two cohorts in the aspects of age, sex, BMI, history of CAD, and the levels of LDL, TG, and HDL (P > 0 05). The levels of GLU and TC, diabetes, hypertension, dyslipidemia, alcohol consumption, family history of ischemic stroke events, and smoking are higher in the LAAS group (P < 0 05).
Results

Characteristics of the Subjects.
Association between PTPN22 Gene Polymorphisms and LAAS.
The distributions of the alleles and genotypes were in accordance with Hardy-Weinberg equilibrium in both groups (P > 0 05). When compared to the reference (CC), we observed that the GG genotype of rs2488457 was associated with a significantly increased risk of LAAS after controlling for other covariates selected in our study (adjusted OR = 2 275, 95% CI 1.395-3.709, P = 0 001). Furthermore, patients carrying the G allele showed an increased risk of LAAS compared with carriers of the C allele (adjusted OR = 1 456, 95% CI 1.156-1.833, P = 0 001). However, the genotypes and allele frequencies for rs1217414 and rs2476599 were not significantly different ( Table 2 ). The statistical power for detecting the relation between rs2488457 and LAAS was over 90%.
Association between PTPN22 Gene Polymorphisms and
Microembolic Signals. Ninety-five patients presented with microembolic signals in the LAAS group. There were no differences in the clinical characteristics between the MESpositive and MES-negative groups ( Table 3 ). The outcomes showed that patients carrying the rs2488457 GG genotypes had a higher risk of developing microembolic signals (adjusted OR = 2 591, 95% CI 1.339-5.011, P = 0 005).
Patients carrying the G allele were more likely to have microembolic signals (adjusted OR = 1 652, 95% CI 1.177-2.319, P = 0 004). There was no association between microembolic signals and either rs1217414 or rs2476599 polymorphism (Table 4) .
Haplotype Analysis.
Using the linkage disequilibrium (LD) test results, we conducted haplotype analyses for three SNPs using the SHEsis software platform (Figure 1) . The results revealed that the prevalence of the GCC haplotype was higher in the control group. In contrast, the frequency of the GTG haplotype was less than the frequency in the LAAS group. The haplotype distributions indicated that the GTG haplotype was related to higher risk of LAAS (OR = 2 778, 95% CI, 1.631-4.731, P < 0 001). Nevertheless, the GCC haplotype may play a protective role against LAAS (OR = 0 682, 95% CI, 0.547-0.850, P = 0 001) ( Table 5 ).
The D′ value between rs1217414 and rs2488457 is 0.71, the D′ value between rs2476599 and rs1217414 is 0.43, and the D ′ value between rs2476599 and rs2488457 is 0.33.
3.5. Stratified Analysis. Stratified analyses based on age, gender, and BMI were performed. According to the results, we failed to find any association between these factors and rs2488457 polymorphism (Table 6 ).
3.6. Interaction Analysis. Only the rs2488457 polymorphism was significantly associated with LAAS among the three SNPs. The interaction analysis of the rs2488457 polymorphism with drinking or smoking was performed by means of logistic regression. Compared to nonsmokers with rs2488457 CC genotype, smokers with CG+GG genotype Frequencies < 0 03 were ignored in the analysis. had a distinctly higher risk of LAAS (adjusted OR = 2 492, 95% CI 1.510-4.114, P < 0 001). However, there were no any differences in the risk of LAAS among the CG+GG genotype nonsmokers and the CC genotype smokers (adjusted OR = 1 464, 95% CI 0.987-2.172, P = 0 058; adjusted OR = 1 778, 95% CI 0.972-3.251, P = 0 062, respectively). No interaction was observed between the rs2488457 polymorphism and drinking (Table 7) .
Discussion
To date, our research was the first to explore the relationship between PTPN22 SNPs (rs2476599, rs1217414, and rs2488457) and LAAS. The results demonstrated that the frequency of G allele in the PTPN22 rs2488457 was higher in the LAAS group, which suggested that G allele might be a potential risk marker for the prediction of LAAS. However, the present study failed to find any effect of rs2476599 and rs1217414 on LAAS. In the linkage disequilibrium analysis, an incomplete linkage disequilibrium of the three loci was identified. Haplotype analysis revealed that the GTG haplotype might be responsible for the susceptibility to LAAS and that the GCC haplotype might confer a decreased risk of LAAS. The PTPN22 gene encodes Lyp, which regulates the production of inflammatory cytokines by participating in the TLR (Toll like receptor) signaling pathway [24] [25] [26] . Several SNPs of the PTPN22 gene, related to a variety of inflammatory diseases, have been found in previous studies [27] [28] [29] . In a multicenter cohort study of the Finns, Pertovaara et al. discovered that PTPN22 polymorphisms were significantly related to increased carotid artery intima-media thickness (IMT) [30] . Saccucci et al. showed that PTPN22 genetic polymorphisms were related to the occurrence of CAD [31] . In our study, a correlation between the rs2488457 polymorphism and LAAS was found. Nevertheless, the molecular mechanism of how PTPN22 gene polymorphisms affect atherosclerosis remains unclear. Studies have shown that PTPN22 increases both the inflammatory response and IL1B (interleukin 1 beta) secretion by dephosphorylating NLRP3 (NLR family pyrin domain-containing 3) inflammasome to protect NLRP3 from degradation, which leads to the occurrence of many inflammatory diseases [32, 33] . The NLRP3 inflammasome and the IL (interleukin) family cytokines are central mediators of vascular inflammation during the process of atherosclerosis [34] . The activation of NLRP3 inflammasome demands an initial priming signal via receptors that activate NF-κB-mediated transcription, such as TLR or IL [35] . When the NLRP3 inflammasome is activated, it triggers the excretion of mature, proinflammatory cytokines [36] . Therefore, we speculate that this may be the molecular mechanism of the PTPN22 genetic variations that influence the occurrence of LAAS.
To study the relationship between PTPN22 gene polymorphisms and the stability of atherosclerotic plaques, LAAS subjects were split into MES-negative and MES-positive groups according to the presence of MES. Additional analysis showed that patients carrying the G allele were more likely to have MES, thus demonstrating that the rs2488457 polymorphism was involved in the generation of MES. MES indicate that the plaque is unstable. Aubry et al. [37] reported that patients with rheumatoid arthritis (RA) have an increased incidence of vulnerable plaques in the left anterior descending coronary artery, compared with controls, along with a greater evidence of inflammation and plaque instability. Therefore, we hypothesized that the rs2488457 polymorphism results in the instability of atherosclerotic plaques via the acceleration of inflammation.
Smoking and drinking are known to have marked impacts on the progression of atherosclerosis. The proportions of drinking and smoking individuals were larger in the LAAS group, and a strong interaction between smoking and the rs2488457 polymorphism was observed, whereas there was no interaction between the rs2488457 polymorphism and drinking in our study. Nordskog et al. [38] revealed that the expression of proinflammatory mediators was significantly increased in the endothelial cells after exposure to cigarette smoke. An increasing number of scholars believe that vascular inflammation is induced by smoking [39] . Notably, our study revealed that only the combination of smoking status with the rs2488477 G allele (CG+GG) increased the risk of LAAS. This result seemed to imply that individual responses to environmental factors varied by different genetic backgrounds. Genetic and environmental factors are related to each other and can jointly affect the occurrence and development of diseases. However, the potential mechanism of the rs2488457-smoking interaction in LAAS risk is not understood. Future studies focusing on this interaction should be carried out.
Conclusion
In conclusion, our study indicated that the rs2488457 polymorphism was likely to be associated with LAAS and MES, and this polymorphism had an interaction with smoking in terms of the impacts on LAAS risk. These results could lead to a potential treatment strategy for LAAS, such as gene therapy. However, the current study contains a relatively small sample size, which may be a limitation. Additionally, there were only three SNP loci analyzed, which did not reflect the function of the entire gene. Moreover, the distributions and functions of genes among different ethnicities are different. Our study was only conducted in the Han Chinese population; thus, these conclusions may not represent the whole population. The replication of our study in different populations and the complete analysis of genetic changes in vivo are required to better clarify the effects of PTPN22 gene polymorphisms on LAAS and MES.
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